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ELECTROSTATIC DISCHARGE PROTECTION DEVICE AND METHOD 
THEREFOR 

BACKGROUND 

One technique to protect the components (e.g., transistors, inactive devices, 
etc) of an integrated circuit from an electrostatic discharge (ESD) event is to add 
circuitry intended to sink or remove the charge associated with the ESD event. For 
example, a wide clamping device (e.g. a transistor having a width significant to 
allow the charge to drain away without creating a damaging current density) may 
be placed in parallel or in series with the portion of the integrated circuit to be 
protected. Due to the width of the clamping device, it is typically able to sink the 
charge associated with the ESD device and alleviate high voltage levels that may 
otherwise result. 

- U o wev ei'7 as manuf a ctu ri ng techn i ques i mprovo, tho - chcmno l le ngth of r- 
transistors is typically reduced, which, in turn, may increaseJtij&-*su1>threshold 
leakage of the transistors. Consequently, the^j&lerffiping devices may become a 
significant source of leakage^urfent while the integrated circuit is in operation. 
Thus, therejs-a^c*ontinuing need for better ways to provide charge protection to an 
]ptgQ£ate€t-4toUbav8 r e duc e d le aka g e cu rreater 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The invention, 
however, both as to organization and method of operation, together with objects, 
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features, and advantages thereof, may best be understood by reference to the 
following detailed description when read with the accompanying drawings in which: 

FIG. 1 is a schematic representation of a portion of an integrated circuit 
having a charge protection device in accordance with an embodiment of the present 
invention; 

FIG. 2 is a cross-sectional and top view of a portion of a charge protection 
device in accordance with an embodiment of the present invention; and 

FIGs. 3-4 are schematic representations of alternative embodiments of the 
present invention. 



It will be appreciated that for simplicity and clarity of illustration, elements 
illustrated in the figures have not necessarily been drawn to scale. For example, 
the dimensions of some of the elements are exaggerated relative to other elements 
for clarity. Further, where considered appropriate, reference numerals have been 
repeated among the figures to indicate corresponding or analogous elements. 



DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth 

in order to provide a thorough understanding of the invention. However, it will be 

understood by those skilled in the art that the present invention may be practiced 

without these specific details. In other instances, well-known methods, 

procedures, components and circuits have not been described in detail so as not to 
EL034438127US 
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obscure the present invention. 

In the following description and claims, the terms "coupled" and "connected," 
along with their derivatives, may be used. It should be understood that these terms are 
not intended as synonyms for each other. Rather, in particular embodiments, 
5 "connected" may be used to indicate that two or more elements are in direct physical or 
electrical contact with each other. "Coupled" may mean that two or more elements are 
in direct physical or electrical contact. However, "coupled" may also mean that two or 
more elements are not in direct contact with each other, but yet still co-operate or 
interact with each other, 
u 1 0 Turning to FIG. 1 , an embodiment 100 in accordance with the present invention 

is described. Embodiment 100 may comprise a portable device such as a mobile 
communication device (e.g., cell phone), a two-way radio communication system, a 

y s 

01 one-way pager, a two-way pager, a personal communication system (PCS), a portable 

M computer, or the like. Although it should be understood that the scope and application 

= -j 

Ol 1 5 of the present invention is in no way limited to these examples. 



■Emb od i monMOQ horo inc l udes on i nt e grated o ti uu i t 10 Lhul mayxu iii p i jsi£3o T 
example, a microprocessor, a digital signal processor, a micjpeoritroiier, or the like. 
However, it should be understood thatoj^Jy-aiSomon of integrated circuit 10 is included 
in FIG. 1 and that thescop^ofthe present invention is not limited to these examples. 
20 Integrateo^ifcuit 1 0 may comprise core logic 20 that may include transistors that are 
rform tho i n c t r uc ti o ns o r- ope rati o n & -o x c cutod b y i ntegrated o i rou i t 10* 

Although the scope of the present invention is not limited in this respect, 
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integrated circuit 10 may be coupled to a power supply voltage potential, labeled 
Vcc in FIG. 1 . For example, Vcc may range from about 0.5-2.5 volts above 
ground. As shown in FIG. 1 , the power supply voltage potential may be provided 
from an external pin upon which an electrostatic discharge event may occur. An 
5 electrostatic discharge event may be caused by a variety of situations depending 
upon the environment in which integrated circuit 10 is placed. Simply stated, 
although the scope of the present invention is not limited in this respect, an 
electrostatic discharge (ESD) event may occur when excess charge is present on 
the pin used to provide the power supply voltage potential. This may occur if 
£ ho integrated circuit 10 comes in electrical contact with something having excess 

p charge (e.g., physical contact by a human being or a piece of manufacturing 

y ' 

m equipment). 

U! To reduce the likelihood that the excessive charge may damage the active or 

Hf. inactive components of core logic 20, integrated circuit 10 may comprise a charge 

m 

J{j 1 5 protection device that is used to provide a low impedance path that provides a path 
p for the excessive charge to ground. For example, integrated circuit 10 may 

comprise a p-channel Metal-oxide Semiconductor (PMOS) device 50 that is capable 
of sinking the excess charge associated with an ESD event. 

Although the scope of the present invention is not limited in this respect, 
20 transistor 50 may be manufactured so that it provides a path for the excessive 
charge to ground that is of lower impedance than the transistors and components 
of core logic 20. The physical dimensions of transistor 50 may vary depending on 

EL034438127US 
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the manufacturing technology used and the electrical characteristics of the 
transistors in core logic 20. For example, transistor 50 may have a width of at 
least 500 microns and a channel length of less than about 0.2 microns, although 
the scope of the present invention is not limited in this respect. It should be 
5 understood the physical and electrical characteristics of transistor 50 may be 
altered so that transistor 50 is capable of carrying a desired amount of pulsed 
current. In this particular embodiment, transistor 50 may be able to conduct at 
least 1 amp or more depending on factors such as its width. In alternative 
embodiments, transistor 50 may be capable of conducting a pulsed 5-10 amps 
1 0 without any adverse effects. 

Integrated circuit 10 may optionally comprise a PMOS transistor 32, a 
capacitor 40, and a resistive element 55 that may be used to enable the charge 
protection device during an ESD device. Excess charge on the power supply 
voltage potential source, Vcc, may cause transistor 32 to conduct, which, in turn 
1 5 will place a voltage potential on capacitor 40. 

4f»tegtat ed c i rcu i t 10 may d l bU upUond ll yuu iii p ii bu L i m ur ui dul oy un i- tcr 
2) may be used to enable the operation of clamping transisto£jj£--alTa r a biasing 

transistor 31 . For example, transistors 35^iHTiay act as an inverter that enables 
biasing transistor 31 if thereis-a^voltage potential stored on capacitor 40 (e.g., 
20 during an ESD evej^tT Transistors 33-34 and 37-38 may act as two inverters in 
series t|>atenable the operation of clamping transistor 50. However, clamping 
fta no i stoj- 5 0 n uy be ^ubotant i al l y ona kle4-afto^>ia 6irrg - ^ 31 Uuu lu L i te 
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extra invfirtnr in thfa p ath nf Thp enabling siting. As explain^ in HPt 



^ biasing transistor 31 may be desirable so to offset or compens^te-tffe reverse 



biasing of clamping transistor 50 that ma^jiGetrfwhile integrated in under normal 
operation (e.g. integratejd-<rtfcuit if performing its intended operations such as 
executingJwgTfuctions, storing data, processing data, etc.). This may allow 

in J siPt rtr Rn f " nnpHiict-miagA ^nrront Hp^ng ?n FSH P\/Pnt — 

Integrated circuit 10 may also comprise a resistive element 30 that may be 
used to reverse bias the charge protection device, clamping transistor 50. As 
shown in FIG. 1, resistive element 30 may be a n-channel Metal-oxide 

10 Semiconductor (NMOS) transistor whose gate terminal and drain region are coupled 
to a voltage potential, labeled Veep. Although the scope of the present invention is 
not limited in this respect, Veep may be higher or greater than the power supply 
voltage potential, Vcc. As should be apparent, in the embodiment shown in FIG. 1 , 
transistor 30 is in a source follower arrangement, although, again, the scope of the 

1 5 present invention is not limited in this respect. 

While integrated circuit 10 is in normal operation (e.g. embodiment 100 is in 
use and/or there is no ESD event), resistive element 30 may provide a voltage 
potential (e.g. approximately Veep) to the bulk region of clamping transistor 50. 
This, in turn, may reverse bias clamping transistor 50 since the source region of 

20 clamping transistor 50 is at a lower voltage potential (e.g., Vcc). If the charge 
protection device (e.g. clamping transistor 50) is an enhancement-mode PMOS 
device, the bulk region may refer to the portion of the semiconductor substrate in 
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which a conductive channel is formed when a low voltage potential (e.g., 0 volts or 
ground) is applied to the gate terminal. By applying a voltage potential to the bulk 
region of transistor 50 that is higher than the voltage potential on the source region 
of transistor 50, the transistor may be reverse body biased so that the leakage 
current through transistor 50 when it is in a non-conducting or disabled state is 
reduced. This, in turn, may reduce the overall power consumption of integrated 
circuit 10. 

Wh o n i ntogrcrtod - c i rcu i t cxpcrionoe s- an ESR pypnt (p g e xcess-ehai^js 
present on the power supply voltage potential line, capacitor 40 anc^tne inverter 
provided by transistors 35-36 may enable biasing transisjprT For example, the 
excessive charge may, at least in part, result in a^hlgh voltage potential on the gate 
terminal of biasing transistor 31 . This, ip^Curn, may cause biasing transistor 31 to 
conduct so that the power supply^tfoltage potential, Vcc, may be applied to the 
bulk region of clamping transistor 50. This may be desirable to offset or 
compensate for the reyerse biasing effect provided by resistive element 30 so that 
clamping transistor 50 may have a lower threshold voltage. Consequently, the 
charge protection device may provide a path to ground for the excessive charge 
that hps lower impedance than the devices in core logic 50. Consequently, the 
o^acg A_m^y hp HjfiffipatPtf U w i thntJt ra ttlin g nny dnmago to - oo p o -l og i o 50 * 

It should be understood that resistive element 30 need not be a NMOS 
transistor in order to reverse bias the charge protection device. In alternative 
embodiments, resistive element may comprise two or more transistors in series. 

EL034438127US 
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Likewise, resistive element 30 may comprise a thick-gate transistor that has a gate 
oxide that is thicker than the components or transistors of core logic 20, or 
comprise a diffused or polysilicon resistor. Simply speaking, it may be desirable for 
resistive element 30 to have an impedance value greater than transistor 31 to 
5 reduce the effects of reverse biasing, although the scope of the present invention is 
not limited in this respect. 
- FIG. 2 i s prov i dod to ill us tr a te-arrexa m p l e of fo r t he-dense ar r angemc nT] 

Jr r \) biasing transistor 31, although the scope of the present invention is no^tfmited to 
this particular example. It should be understood that in alternate embodiments, 
p10 the transistors shown in the figures may have opposite pprarity (e.g., n-channel 
%! devices instead of p-channel devices, etc.) and the^ecope of the present invention in 

sis J S 

01 not limited to a particular substrate materiaj / afs alternatives such as semiconductor- 
<2 on-insulator (SOI) may also be used. 

FIG. 2 illustrates a cross-sectional view of biasing transistor along with a 

nj 15 corresponding top view of/fne layout structure. Biasing transistor 31 may be 

ni / 

2 formed in a p substrate 210 and include a gate structure 21 5 that partially overlaps 
both p substrate/210 and an n-well region 200. Optionally, the charge protection 
device, suclVas clamping transistor 50 may also be formed in n-well region 200 to 
reduce tWe amount of interconnect use to couple biasing transistor 31 to clamping 

20 transistor 50. This arrangement may protect the gate of transistor 21 from the 
lirirntn nt inl ly h ig h n r v ol t n g r p o t nnti n l o n i tn drn i n nn d rt. - 

Turning to FIG. 3, an alterative embodiment 300 of a charge protection 
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device for core logic 20 is provided. In this particular embodiment, more than one 
transistor may be used to provide the low impedance path to ground for excessive 
charge on the power supply voltage potential, Vcc. For example, transistors 350- 
351 are in series and may provide a path to excessive charge so that the 
5 components and transistors of core logic 20 are not damaged during an ESD event. 

During an ESD event, the excessive charge on the power supply voltage line 
may cause transistor 315 to conduct so that a logic "0" is stored on capacitor 316. 
This may indicate that an ESD event is occurring. Transistors 310-312 may 
provide two inverters in series which may have the effect of enabling transistors 

10 350-351 so that a low impedance path to ground may be provided. As indicated in 
FIG. 3, the source region of transistor 351 and the bulk region of transistors 350- 
351 are connected to the power supply voltage potential, Vcc. However, the 
source terminal of transistor 350 is not connected to Vcc, but rather the drain of 
transistor 351 . Consequently, when the transistors of core logic 20 are in 

15 operation, and there is no ESD event, transistors 350-351 are disabled. The source 
voltage potential of transistor 350 may be at a lower voltage potential than the bulk 
region of transistor 350. This, in turn, may cause transistor 350 to be reverse 
body biased. 



t gGfront through trono i ctor 351 may bo reduced th o gq ptw o r si m i l a r amou nt . I l av i ng * 
EL034438127US 
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OQjjJtipiiaJjaftsi ^ in oor i oo-to - prov i do tho - chargo - protoct i on - d o v ioo rn ayj 
desirable because the combination of transisJpjs4frSe7Iesmay allow the charge 
protection device^to-prtyfect for ESD events on nodes with higher voltage potentials 
t-^P' !t Output voltage) - 



As discussed with reference to FIG. 3, it may be desirable to provide a 
charge protection device by placing two or more clamping transistors in series 
between the power supply voltage potential (e.g., Vcc and ground). As indicated in 
FIG. 3, the gate terminal of transistors are enabled by the same signal or voltage 
potential. Referring now to FIG. 4, in some alternative embodiments, it may be 
desirable for the transistors that provide the charge protection device to have 
different threshold voltages or to be enabled by different signals or voltage 
potentials. 

As-sho w n in T I G. 4, d p l uid li ly uf Ud ii s i blu i s - 4 1 0 may b o uocd to prov t d gsa* 
voltage divider 41 1 . Voltage divider 41 1 may be used to provide^o^rtftput voltage 
potential that is a fraction of the power supply voltagepefential, Vcc. The output 
voltage potential may be provided to a voltaae>buffer 430. Voltage buffer 430 may 
be provided with transistors 420-42^Jxand may be used to amplify or drive a voltage 
potential to the gate terminal^OTclamping transistor 450. This particular 
embodiment may alscycomprise inverters 460-464 that may be use to delay or time 
when clamping^fransistors 450-451 are enabled so that they may provide a low 
impedajFtce path for excessive charge during an ESD event. As shown in FIG. 4, 

t Kn m i ir oM nr m i ni l nf tran <w»tai iinn m ^y M i m l w liil H ll lH t U i l k mg i nn nfr 1rnmJM M l ■ 
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ir» cnnnprtpfi to the p"""pr Minpiy " nlta Q° pm-gntiai — Consequ e n t l y, tr a no i gto 
450 may be reverse body biased when there is no ESDey^gntr^tf^hould be 
understood that it may be desirable^Jp^tefnative embodiments, to remove 
transistor 32, resisiof^57and capacitor 40 in an effort to reduce the size of the 



While certain features of the invention have been illustrated and described 
herein, many modifications, substitutions, changes, and equivalents will now occur 
to those skilled in the art. It is, therefore, to be understood that the appended 
claims are intended to cover all such modifications and changes as fall within the 
true spirit of the invention. 
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